VENT (OR TRAPPING) 



C 



METAL ORGANIC SOLUTION-" 
OR AQUEOUS SOLUTION MIXING VESSEL 
LITHIATED COMPOUND 




FIG. 1 



METAL-HYDROXIDE LAYER 




DRYING AFTER COATING 



LiCo0 2 




FIG. 2 




FIG. 3 



(prior art) 



( THE PRESENT INVENTION ) 



PREPARING METAL ORGANIC 
SOLUTION OR METALAQUEOUS 
SOLUTION 



> f ! 




MIXING : 


: 1 : 




SOLVENT- 






REMOVING 




I v 




DRYING ! 


T 


HEAT-TREATING 








SIEVING 








POSITIVE ACTIVE 






MATERIAL 





< 



PREPARING METAL ORGANIC 
SOLUTION OR METALAQUEOUS 
SOLUTION 




f 



ONE-SHOT 
PROCESS 



CI HEAT-TREATING J > 



± 




OMIHING 



POSITIVE ACTIVE 
MATERIAL 



FIG. 4 




FIG. 5A 




FIG. 5B 




FIG. 5D 



AMORPHOUS (AI(OH) 3 LAYER 




FIG.6B 



o 



4.4 
4.2 
4.0 
3.8 
3.6 
3.4 
3.2 
3.0 
2.8 




EC+DMC(1/1)+1MLiPF 6 
4.3V- 2.75V, 0.1C=14mAh/g 



— COMPARATIVE EXAMPLE 1 
-— COMPARATIVE EXAMPLE 8 

— EXAMPLE 2 

— EXAMPLE 3 

— EXAMPLE 4 

— EXAMPLE 5 




20 40 60 80 100 120 140 160 180 
SPECIFIC DISCHARGE CAPACITY (mAh/g) 



FIG. 8 



4.4 
4.2 
+ 4.0 
" 3.8 
3.6 
3.4 
3.2 
3.0 
2.8 



CO 
> 



o 

Q_ 



EC+DMC(1/1)+1MLiPF 6 
4.3V - 2.75V, 1C=140mAh/g 




— COMPARATIVE 

— EXAMP "~ 
— EXAMP 
— EXAMP 
----- EXAMP 



20 40 60 80 100 120 140 
SPECIFIC DISCHARGE CAPACITY (mAh/g) 



FIG. 9 



2 

LU 

o 

CO 



CO 



160 
140 
120 
100 
80- 
60- 




COMPARATIVE EXAMPLE 1 
EXAMPLE 2 
EXAMPLE 3 
EXAMPLE 4 
EXAMPLE 5 



EC+DMC(1/1)+1MLiPF 6 
4.3V -2.75V 



10 20 

NUMBER OF CYCLES 

FIG. 10 



30 



o 

LU 

CD 
Od 
<a: 

CJ> 
CO 

Q 
o 

Li— 

CJ> 
LU 
Q_ 

CO 



1104 

105 
100 

95 

90 

85 H 




80- 



EC+DMC(1/1)+1MLiPF 6 
4.3V - 2.75V, 1C=110mAh/g 



COMPARATIVE EXAMPLE 2 
EXAMPLE 15 
EXAMPLE 14 



10 15 20 25 30 
NUMBER OF CYCLES 



35 40 



FIG. 11 



2.0- 
1.5 H 
1.0- 



g 

u_ 

I 0.5 
0.0 



•COMPARATIVE 
EXAMPLE 1 
•EXAMPLE 5 
•EXAMPLE 4 
■COMPARATIVE 
EXAMPLE 8 



EC+DMC(1/1)+1MLiPF 6 
4.3V CHARGED ACTIVE 
MATERIAL 




160 180 200 220 240 260 
TEMPERATURE (°C) 

FIG. 12 



280 300 



2.0- 



1.5 H 

f i-o- 

LL_ 

§ 0.5- 
0.0 -I 



EC+DMC(1/1)+1M LiPF 6 
4.3V CHARGED ACTIVE 
MATERIAL 



EXAMPLE 13 

--—COMPARATIVE 
EXAMPLE 1 



160 180 200 220 240 260. 280 300 
TEMPERATURE (°C) 

FIG. 13 




FIG. 14A 




FIG. 14B 




3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400 

WAVENUMBER 



FIG. 15 



14000- 








12000- 








10000- 








8000- 
6000- 






SAMPLE 1 


4000- 
2000- 


/ j 


Al 2 0 3 


0- 


1 r i i ■ ■ ■ 



500 1000 1500 2000 2500 3000 3500 

WAVENUMBER 



FIG. 16 



350 
300 
1 250 
^ 200 

CO 

£□ 150 
- 100 
50 



T 1 1 1 1 r- 



(a) AMORPHOUS AI(0H) 3 

(b) AMORPHOUS Al 2 0 3 



-I I 1 1- 



20 



30 



40 



50 



60 



70 



29 



FIG. 17 



7000 
6000 
_ 5000 
g- 4000 
m 3000 A 




10 20 30 40 50 60 70 80 

20 



FIG. 19 



ft 



III- 



6B§i 



j»c rv4<NTroc^oco^ooroco^-r-Tr^TrincN^-co^-ir)cOTj-inir>CNCN 
_e= c^<>je=>^CNi^rvi^eviCNi^^CNjeNj^cooj^^coc>4cooc^ 



-s 



^COCMCMCMOCMCM^CO^^^^^CMCMCMCO^^^CO^O^^^^ 

T-«NOco<r>cNj^^CNJCOC>g^^^cN<>icvjTrcoTr^cNT-e>jcocococ\icvi 

O CM -r- CN CM CM CM O CM C5 <=> CM CM <=» — ^— CM CM CM CNJ^— ^~ 



cS <5co 



COOOIO* 



S5 



•f-O^C>I^^T-CJ^^CVJCNIC^^^CSIO'»-'«-'«-C>JOfOT-cOO'«-'«-CN 



VMS P8X|d 



i 

8 



^ cn c=> t— co co co 



tfttnrOtQfNIr-T-OtVIWtOO^CMCOCslOOr^OaCnTTtPTtTr^tN^t^C? 



CO 
LO 
Ovl 
CNJ 

co 
oo 
o 



CT3 

cj> 

CO 
Q 
Q_ 



RECN 



op _joo*c3 ca CS 



islii 



X 

1 



■^a- cr> cr> i — oo c-vi oo <t-m 

-« d> CM <TMJ <=> 

CM OO -« — CN <TVJ CO - — <=> 



^ ^ o3 



CD CVJ C^ CM CM CN 



| S S I [I S 

~ I 3 § 1 s 



c<3 



A)isua)U| 
rVMQ pexij 



2 


c^ 


<3 ^ 


55 ^ 




f5 p 








3 £3 


1 CO 

fo £3 


Osl 

3 


52.551 
57.166 


59.177 





as § 




-t— 


s S3 ^ 








n 

1 


2 C=> 





jg 


J3CO. 




CO 


S3 

r - 


eld 

CO 


Q_ 

s 


ca C5 



CO 

O 

CNJ 



CO 

co 
cvj 

O 



CO 

O 
CO 

en 

Q_ 

O 



— ^ 



